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Overview: 
Learning methods and pedagogy is shifting in clinical education. Incorporating technology in education 
is especially important for training health professionals, where the necessary knowledge acquisition 
is typically much more experiential, self-directed, and hands-on than in many other disciplines. Virtual 
or mixed reality interventions are becoming more accessible, and can be delivered through various 
modes in a way that integrates directly into learning environments. However, there are often limits to 
the capacity of the technology, leaving educators unclear of which technologies are useful, and how 
they can be integrated into the learning environment. This chapter provides an overview of virtual and 
augmented reality; holograms and mixed reality; virtual dissection tables; social media; mobile 
applications and devices; 3D printing; online hosted video; simulation with technology enhanced 
learning; serious games; e-learning and audience response software. We provide insight into the use 
of technology in health professions and clinical education by defining the types of technologies and 
exploring published use-cases for these technologies across disciplines.  
  
Keywords: 
Virtual Reality; Mixed Reality; Augmented Reality; Clinical Education; Technology Enhanced Learning; 
Medicine; Medical Education; Blended Learning. 
 
  
Introduction 
Health professional educators are continuously incorporating technology in their pedagogical 
practices to enhance their ability to teach relevant, up-to-date content in an ever-changing 
environment. This chapter provides an overview of relevant research surrounding some of these 
technological interventions. This includes virtual and augmented reality; holograms and mixed reality; 
virtual dissection tables; social media; mobile applications and devices; 3D printing; online hosted 
video; simulation with technology enhanced learning; serious games; e-learning and audience 
response software. We share published use-cases, research manuscripts and reviews to highlight the 
breadth and depth of technology used in clinical health education. A literature search of different 
electronic databases was conducted using the following terms: (education OR training OR skills) AND 
(clinical OR health OR medical) AND (technology OR computer OR device OR simulation). As the focus 
of this chapter is on the current generation of educational technology, the search was limited to 
studies published between 2009 to 2019. This is not an exhaustive literature review but rather 
representational across different technologies and clinical education disciplines using qualitative 
synthesis. The core technologies identified include mobile applications/devices, 3D printing, video, 
simulation trainers with haptic devices, serious games, social media, e-learning, audience response 
and XR (virtual reality, augmented reality and mixed reality). 
 
Technology in Health Education 
 
Virtual and Augmented Reality 
One of the primary concepts when learning physiology or anatomy is the relationships of structures 
in 3D space. Traditionally, cadavers or silicon models have been used to provide 3D representations 
as a supplement to textbook material. Developments in computing hardware and software can now 
allow the entire human body to be rendered in anatomically correct environments within virtual or 
augmented reality (Figure 1). Both virtual and augmented reality applications have shown to be 
effective in enhancing the learning experience in various health profession courses (Birt et al., 2018, 
Moro et al., 2017a, Moro et al., 2017b) while also providing educators additional supplementary 
methods to engage students. 
 
For clarity, the terminology in this review is adapted from Moro et al. (2017a): 
• Virtual reality: The user’s senses (sight, hearing and motion) are fully immersed in a 
synthetic environment that mimics the properties of the real world through high resolution, 
high refresh rate head-mounted displays, stereo headphones and motion-tracking systems.  
• Augmented reality: Using a camera and screen (i.e. smartphone or tablet) digital models are 
superimposed into the real-world. The user is then able to interact with both the real and 
virtual elements of their surrounding environment. 
• Three-dimensional tablet displays: Using high-resolution screens on tablets and 
smartphones to visualise 3D models and environments. The user interacts with digital 
aspects on the screen and manipulates objects using a mouse or finger gestures. 
 
Virtual reality can be applied to help students learn and practice across in a variety of real-life 
scenarios. Virtual patients can be rendered on a screen, with cameras and microphones tracking the 
trainees’ facial expressions, eye gazes, head poses, and vocal cues (Kuehn, 2018). The virtual space is 
not only useful for learning, but also for practising engagement, assessments of interpersonal 
interactions and real-world scenarios. In virtual reality, one limiting feature is that the learner is 
entirely immersed in the environment, making it difficult to take notes, ask questions, or be fully 
interactive with the teaching staff or other students in the area. In order to revise after the lesson, it 
is often difficult to get back into the same environment, and as such, some students do not find it as 
useful for learning as other methods (Moro et al., 2017b).  
 
Augmented reality allows the opportunity to provide 3D interactive resources outside the classroom, 
such as that utilised in paramedic distance education (Birt et al., 2017) or enhance anatomy learning 
content (Moro et al., 2017a). It can also assist in training teachers (Sural, 2018), create clinical 
scenarios (Sutherland et al., 2019), or enhance training for specific health professions such as radiation 
oncology (Jin et al., 2017). One benefit of augmented reality is the ability for consumer-level 
smartphones or tablets to render models in 3D. Therefore, students can learn from a range of readily 
available applications with no additional hardware requirements (Delello et al., 2015). However, 
augmented reality is limited by the capabilities of the smartphone/tablet and its built-in camera. In 
some cases, the mobile device camera does not recognise the objects correctly, and valuable in-class 
learning time is spent managing technological issues. 
 
 
  
Figure 1: Biomedical science students using augmented reality (left) and virtual reality (right) to 
explore regions of the human brain (Photo: C.Moro). 
 
 
Holograms and Mixed Reality 
A blending of virtual and augmented reality is possible through new devices such as the Microsoft 
HoloLens 2. This device enables virtual environments and models to be rendered as ‘holograms’ within 
the user’s visual space (Cowling and Moro, 2019). Most of these products are still in the developer-
level stage, and not yet widely available to consumers, although this technology does offer some 
potential benefits for future students in health education courses. The mixing of real and virtual worlds 
should reduce the levels of cybersickness or blurred-vision reported in many virtual reality applications 
(Moro et al., 2017b), while also allowing the learner to visualise components of the human body in 
complete 3D (Figure 2). 
 
While this technology is still relatively new, it shows a great promise in increasing the student’s 
initiative to pursue learning, ability to understand abstract concepts and promotes academic 
performance (Liu et al., 2019). Holograms provide a new student-centred teaching model which can 
incorporate gestures, voice commands, interactions with models and viewpoint tracking technology 
(Moro and Gregory, 2019). While still new, and with only developer kits being used in universities at 
the moment, this holographic technology is poised to bridge the gap between augmented and virtual 
reality. The learner’s hands are free to take notes and interact with others in the class, as well as 
engage with the educator. Future research and published used-cases for these all-in-one holographic 
devices will provide more insights into the overall effectiveness of this mode for learning. 
 
 
Figure 2: An exercise and sports science student uses voice commands and gestures within the 
Microsoft Hololens to visualise and interact with the muscular system of the body in 3D space 
(Photo: C.Moro). 
 
Virtual Dissection Tables 
While cadaveric dissection remains the primary method for teaching human anatomy, a range of 
hands-on digital multimedia devices are increasingly used to enhance the learning experience 
(Hosseini et al., 2018). A relatively new way to learn anatomy is in the form of virtual dissection tables. 
These tables have the potential to enhance the ability of learners to explore different anatomical 
components with ease (Moro and Periya, 2019), and can significantly assist in the diverse cohort of 
life sciences students, including a mix of undergraduate and postgraduate students within nursing, 
physiotherapy and dentistry courses (Narnaware and Neumeier, 2019, Moro and Periya, 2019). 
However, it is still uncertain if these technological supplements adequately prepare students for the 
workplace compared to traditional teaching methods (Moro and McLean, 2017). 
 
The optimal methods appear to be for virtual tables to be used in conjunction with the cadaveric 
dissections (Ramsey-Stewart et al., 2010, Azer and Eizenberg, 2007, Mathiowetz et al., 2016). Blending 
this technology with traditional teaching modes has provided educators with more options to facilitate 
learning. Virtual dissection tables have also shown great promise in many health professional courses, 
such as where 94% of medical imaging students reported benefits from the use of a virtual dissection 
table for anatomy study (Custer and Michael, 2015), and 90% of neuroanatomy students reporting the 
same (Anand and Singel, 2017). In a review of fourteen studies comparing different teaching 
approaches including dissection, prosection and online computer-based teaching aids, it is still not 
clear if the supplementary methods for learning anatomy are entirely useful, and commented that 
more sophisticated research designs are necessary before evidence-based teaching practices can 
occur (Winkelmann, 2007).  
 
 
Social Media 
While social media is widely used by nearly all students studying within a higher education setting, it 
is not often integrated into curricula by educators (Chugh and Ruhi, 2018). Therefore, there is a lack 
of research detailing the benefits of incorporating social media and its potential uses.  Sterling et al. 
(2017) systematically appraised 29 peer-reviewed papers on the use of social media in medical 
education. The authors found that twitter, podcasts and blogs were the most frequent social media 
strategies used to engage learners and enhance educational practice. YouTube and wikis were 
commonly used to teach skills and promote self-efficacy. Most studies were exploratory, highlighting 
privacy and online behaviour within the professional context of health. However, the effect of social 
media in education was deemed mixed at best, with the quality of studies considered as modest. A 
systematic review of social media in nursing and midwifery education (O'Connor et al., 2018) 
highlighted benefits of implementing social media in nursing curricula. For example, allowing 
information to be shared in real-time, supporting a student-centred learning setting and enhancing 
collaborative learning.  
 
Hanson et al. (2011) assessed the use of social media as a means to improve health promotion using 
a survey (n = 503). The authors found that many health educators are using social media within 
education practice and highlight positive support of health education through social media. However, 
specific guidelines should be in place to attain best practice. In particular, four key constructions were 
recommended, including (1) performance expectancy or the degree to which an individual believes 
that using the system with help in job performance, (2) effort expectancy or ease associated with 
system use, (3) social influence or the perception of importance others believe in system use, and (4) 
facilitating conditions, or the degree to which an organisation has the technical infrastructure to 
support use. It was found that the majority of individuals use social media personally, but few of them 
use it for work-related purposes because the business blocks social media use. The authors found that 
older educators lack the belief that using social media enhance job performance and those that 
perceive social media as positive are already users of social media themselves. 
 
In medical education, Cheston et al. (2013) conducted a systematic review on the use of social media 
and found fourteen studies that noted enhancement in knowledge (exam scores), attitudes (empathy) 
and skills (e.g. reflective writing). However, the authors pointed out that these studies were of low to 
moderate quality and that further investigations in this field are required. Overall, the use of social 
media in education offers an excellent medium for health-care professionals to share information and 
promote collaboration among its users. However, as information on social media can be added by 
anyone, the content should be monitored and assessed for quality (Moorhead et al., 2013). 
Furthermore, privacy and confidentiality should be considered, as the general public is generally 
unaware of the consequences of sharing personal information online (Adams, 2010). 
 
 
Mobile applications/devices 
The potential of mobile devices, such as smartphones and tablets, to aid learning in a health profession 
education setting is clearly evident. These devices are capable of providing easy access to a wide 
variety of educational resources to support learning, such as virtual anatomy models and electronic 
books. Pimmer et al. (2016) provided a systematic review of 36 empirical papers that analysed mobile 
and ubiquitous learning across disciplines in higher education to determine what types of mobile 
learning exist and explore the capabilities of mobile devices for facilitating practice and active learning. 
It was identified that health education and medicine are the dominant categories that have 
investigated the use of mobile learning.  
 
Mobile devices can facilitate personalised, distributed and more frequent practice allowing the hybrid 
design of education where learners can create multimodal representations of study material. This, in 
turn, can assist with reflective practice in both formal and informal learning situations leading to 
improved learning outcomes. The authors recommend more collaborative design between end-users 
and developers. Collaboration between learners that use social media allows for more informal 
education connecting prior knowledge, private lives and formal didactic education design. In 
undergraduate nursing education, O'Connor and Andrews (2015) critically reviewed 24 studies on the 
use of mobile handheld technology to address challenges related to the theory-practice gap, lack of 
clinical supervision and ad hoc learning in clinical environments. The authors found that most of the 
analysed papers were exploratory adopting mixed methods to assess education effectiveness with 
most reporting improved efficiency, learning scaffolding, enhanced knowledge and skills and decision 
making. However, the authors indicated that there was no clear definition of mobile technology across 
the literature making it difficult to make specific comparisons between the technological devices that 
can be hand-held.  
 
A systematic review conducted by Kim and Park (2019) reviewed eleven randomised and non-
randomised controlled trials published between 2011 and 2017 that evaluated the effects of 
smartphone-based mobile learning for nurses and nursing students and meta-analysed ten of them to 
analyse the effect sizes. Smartphone mobile learning was determined to be an effective tool that 
positively improved knowledge, skills, confidence and attitude towards learning, however it did not 
affect cognitive load and satisfaction with learning.  
 
Using a survey of 29 questions on the Technology Acceptance Model (TAM), Briz-Ponce and García-
Peñalvo (2015) recruited 124 participants to quantify acceptance of using mobile technology 
applications in medical education across both undergraduate medical students and practising 
clinicians. It was found that self-efficacy (ability to complete the tasks with the technology) and 
recommendation (a measure of mobile technology recommendation) are the strongest indicators of 
behavioural intention to use the technology. The authors concluded that as the number of mobile 
applications increases, the task of determining the effective use of these applications for medical 
education will become more challenging. It was recommended that future studies explore data using 
subgroups such as age, gender and profile to gain deeper insights into the impact of these variables in 
the learning process. 
 
Klímová (2018) reviewed ten randomised controlled trials published between 2010 and 2017 that 
evaluated the use of mobile learning in medical education (those currently studying medicine, as well 
as doctors and other healthcare professionals). The author established that mobile learning is efficient 
and beneficial in the acquisition of new knowledge and skills and is perceived to be as an appropriate 
compliment to traditional learning methods. A qualitative systematic review conducted by Lall et al. 
(2019) sought out to determine the views of educators and learners on using mobile devices to aid 
learning and their perceived factors to enhance or hinder its implementation in medical and nursing 
education. The authors concluded that the portability of mobile devices can enhance interactions 
between the learners and the study material, fellow learners and educators in various health 
professions. Some of the limitations of mobile devices are that they need to be implemented within 
the institution, as well as specialised training and support needed in order to fully comprehend the 
various options/functions of the devices 
 
3D Printing 
Three-dimensional (3D) printing is increasingly gaining recognition as a tool to enhance both 
healthcare education and practice (Figure 3). Malik et al. (2015) analysed 93 articles to highlight the 
uses of 3D printing in surgical practice and medical education. Specifically, 3D printing was identified 
as useful in education and clinical training across a number of disciplines, including orthopaedics (to 
understand injuries of the musculoskeletal system), physiotherapy (to assess complicated anatomy), 
and for surgeons (to discuss deformity with patients). As anatomy is taught early-on in most health 
profession and clinical education curricula, means that the ability to 3D print human anatomical 
concepts and models can be of great use in a broad range of applications. It can be useful as a patient-
learning device, such as to obtain informed consent for management of complex fractures, or for 
easing understanding in patients and their families before interventions or procedures. 
Physiotherapists can further explain concepts to their clients surrounding muscle and joint 
movements, or dentists can 3D print structures to show how fillings or alterations to the teeth can 
impact the jawline. 
 
Virtual anatomical models can also be kept to create catalogues of pathology for educational 
purposes. These models can be used for anatomy learners and in training on rare complications or 
decision-making for high-risk patients. Some of the limitations are related to a single type of material 
used in cheap 3D printing with an inability to simulate soft and hard tissues. Therefore, multi-material 
printers should be used to develop higher fidelity reproductions. Fine detailed structures are also 
challenging to create but, when designed correctly, can allow opportunities for complex visualisations 
used in neurosurgery training to allow for safe environments to practice operating on patients. 3D 
printing can also be used effectively to familiarise learners with surgical instruments. Malik et al. 
(2015) concluded that 3D printing allows for creative innovation within the surgical landscape, not just 
in training but also in practice with the future towards reconstruction and transplants. 
 
To further assess the usefulness of 3D printed models, Jones et al. (2016) used a qualitative survey on 
51 medical students to explore the use of 3D printed anatomical models to enhance surgical education 
and clinical practice. The fabricated models were created through a process of converting detailed 
MRI, CT, ultrasound and mammogram data into printable 3D mesh models. Participants highlighted 
the usefulness of model integration into medical school curriculum but had concerns over the 
fabrication cost related to the model realism and the lack of sensory (haptic) feedback. It was 
highlighted by the authors that clinical use would require near-exact replicas of diseased human 
organs. To that end, it was suggested that future work needs to explore not only visual fidelity but also 
haptic fidelity. Future models should be fabricated with tactility by a combination of moulds, printing 
and materials. 
 
There have been several research studies that have compared the use of 3D printed anatomical 
models with more traditional learning methods, such as using cadavers and didactic lectures. In a 
double-blind randomised control trial where pre- and post-testing was used (Lim et al., 2016), the 
authors compared traditional external cardiac cadaveric anatomy with 3D printed models to 
determine the effectiveness of 3D printing for self-directed anatomy learning. The 3D models were 
created using computed tomography (CT) and surface scanning of the heart anatomy, including 
vessels, vasculature, projections and sulci. In this study, the authors split 52 participants across three 
groups to compare anatomy learning using cadaveric materials, 3D printed models and combined 
materials (cadavers with 3D printed models). It was found that the group that used solely 3D printed 
models scored significantly higher in the post-test that evaluated anatomy recall than the other two 
groups. The authors concluded that 3D printed reproductions of anatomical structures have the 
potential to provide a readily available source of supplementary teaching materials. It was also noted 
that novice learners can be apprehensive when encountering cadaveric samples which promote the 
use of 3D printed models as a useful primer to induce familiarity and break down inhibitions before 
use of cadavers which the authors identified as essential in anatomy learning. 
 
A study conducted by Su et al. (2018) designed and produced 3D printed models for congenital heart 
disease education. Sixty-three medical students participated in this study, where they were randomly 
allocated into two groups that participated in a medical seminar: the experimental group where 3D 
models were used and the control group without the 3D models. Assessment of the effectiveness of 
3D printed models was conducted using subjective (self-assessment using a Likert-style questionnaire) 
and objective (multiple choice questions assessing knowledge acquisition and structural 
conceptualisation) methods. The results from the questionnaire showed that the feedback from 
experimental group was significantly more positive than from the students in the control group. 
Students in the experimental group had significantly better test results in structural conceptualisation 
when compared to the control group.  
 In Cai et al. (2018) study, 35 first-year medical students were recruited to evaluate the effectiveness 
of using 3D printed structures to assist in learning human anatomy. Students were assigned to two 
learning groups, namely the didactic learning group and simulation group. In didactic learning group, 
students learned about the locking-unlocking of the knee joint through a didactic lecture (n = 18) 
where they were also provided with lecture notes and skeleton models to explain the content related 
to the knee joint. The simulation group (n = 17) were provided with the same textual content as the 
didactic group, however, instead of using the skeletons to explain knee joint mechanisms, tutors used 
3D printed models. After 30 minutes, both groups were assessed using eleven multiple-choice 
questions, where students in the simulation group achieved significantly better results than the 
didactic learning group. There are some limitations of 3D printing, such as the lack of variety and tactile 
feedback compared using cadaveric material, or the fact that the plastic colours are not authentic 
when investigation anatomical body parts. However, as 3D printers increasingly enter the high school 
environment more and more students entering health professional fields will have prior experience 
with this technology, and this will become a commonplace and easy technology to utilise in learning. 
 
 
Figure 3: An educator instructs Biomedical and Exercise Science students on central nervous system 
anatomy using 3D-printed models (Photo: C.Moro). 
 
 Online-Hosted Video 
Another type of educational media that is capable of conveying information are videos. Tuong et al. 
(2014)  conducted a systematic review from 1975 to 2012, looking at controlled clinical trials 
examining the effectiveness of video interventions in changing health behaviour. Critical analysis was 
performed on 28 articles where the video had an effect on modifying health behaviour. It was noted 
that videos are a less resource-intensive means of delivering educational content with the benefit of 
standardising educational delivery. Video has the added benefit of being administered in many forms, 
such as being live-streamed, available for download and having a physical copy of the material. 
 
The downside of using videos as an educational tool is the lack of face-to-face counselling, which 
allows tailoring the content according to the needs of the patient. However, the benefits of easy 
content distribution offered by the use of videos can outweigh personalisation based on patient 
needs. Tuong et al. (2014) concluded that the benefits of video instruction include both short and 
long-term improvement to behaviour, including a reduction in smoking, self-examination and self-
care. There is a plethora of educational videos readily available of video-sharing sites such as YouTube; 
however, the quality of those videos is unclear. 
 
Duncan et al. (2013) assessed 100 YouTube sites and approximately 25 hours’ worth of content across 
ten common clinic skill-related topics. It is often expressed that YouTube and online video repository 
sites are perceived as “time wasters”. The authors wanted to counter this argument by analysing 
YouTube sites focusing on the integration of clinical skills delivered through YouTube videos. It was 
identified that topics with the most significant number of videos and user views were related to 
common skills across the nursing or health-related disciplines such as “cardiopulmonary resuscitation” 
and more specialised topics such as “pain assessment” with fewer user views. There were concerns 
regarding the quality of videos with only 1/100 videos analysed were categorised as “good”. The 
conclusion was that there was a need for more rigorous evaluation, and educators were encouraged 
to be more proactive in the recommendation of suitable materials as supplementary tools to learning. 
It was also noted that lecturers would often recommend YouTube videos from credible sources such 
as the World Health Organisation, but independent and self-directed learners often stumbled across 
sources using the number of user views and likes as a guide to quality. Therefore, it could be said that 
YouTube is not about “time-wasting” but rather lack metrics that identify the quality of clinical 
education and learning.  
 
To aid educators in integrating videos in their teaching practices, Dong and Goh (2015) compiled a list 
of twelve tips. In this article, advantages of using videos in teaching were discussed, as well as the 
requirements for teachers wishing to integrate this technology, namely knowledge about the 
technology and ability to make informed decisions on video use. Educators were able to choose 
between using existing videos that are compatible with their teaching strategy, as well as produce 
their content. However, there is an added difficulty in creating videos themselves, as it often requires 
professional guidance and technical skill. Strategies towards the successful implementation of this 
technology in the classroom and the promotion of student engagement were also discussed. In 
simulations, video-assisted debriefing can enable students to reflect upon their conduct and allows 
educators to provide individualised assistant to each member of a cohort. This is increasingly prevalent 
in health professional education such as physiotherapy and nursing, and there is an increasing body 
of literature surrounding this process (Ali and Miller, 2018). 
 
For educators, video content can be of great use when understanding which areas to focus on in 
teaching. For example, in physiotherapy students, a video-reflexive ethnography study identified the 
fact that students had only a limited ability to recognise errors during filmed clinical scenarios (Gough 
et al., 2016). As video equipment becomes cheaper and more accessible, and video content can be 
easily uploaded to learning management sites or online repositories, it is likely to see video becoming 
increasingly utilised in health profession courses. 
 
Simulations with Technology Enhanced Learning 
Technology-enhanced simulation training is becoming increasingly prevalent health care education 
and adds to current simulation training used in disciplines such as physiotherapy since the 1980s  
(Owen, 2016). Simulations provide a safe environment to practice skills before performing procedures 
in real life and are used in various scenarios, such as in postgraduate emergency on-call 
physiotherapists for their cardiorespiratory education (Gough et al., 2013). Simulated patients often 
work in real environments, but modern simulations are increasingly using technology-enhanced 
learning to create virtual patients, scenarios or environments.  Cook et al. (2011) analysed 635 studies 
of simulation training in teaching laparoscopic surgery, gastrointestinal endoscopy, suturing skills, 
emergency resuscitation, team leadership, anatomical examination and others. The authors implied 
that technology-enhanced simulation training is associated with improved outcomes in comparison 
with no intervention for health care professionals, with only 4% of the analysed studies showing no 
increase in effect. Specifically, simulations lead to large positive gains with respect to knowledge use. 
The conclusion is that technology-enhanced simulation training has a large effect on knowledge, skills 
and clinician behaviour but less of an effect on patient care.  
 
A  bibliographic literature review of 24 high impact articles published between 2001 and 2011 
identified four primary content areas of simulation use in medical education (Abraham et al., 2011): 
(i) background and history; (ii) procedural training and methods; (iii) quality and safety and (iv) 
teamwork and communication. Simulations within health education can focus on a spectrum of 
activities, including skill training, learning procedures, clinical diagnoses, and facilitating clinical 
process and teamwork. Specifically, simulation gives users the ability to ‘hone their communication 
skills in a clinical setting’ and provide ‘scenario experience’. The ability to give and receive feedback 
while undertaking simulation training is invaluable in medical education. Simulation can be done 
individually or in teams through several different technologies available in both observation and 
interactive practice, and throughout its history has developed into an important learning method in 
contemporary health professions education (Owen, 2016, Gough, 2018). A qualitative systematic 
review covering literature between 2003-2009 identified which key variables were identified to inform 
on the best practices of using simulation-based practice in medical education teaching (McGaghie et 
al., 2010, Table 1). 
 
Table 1: Twelve features that highlight the best practice in simulation-based medical education 
feedback deliberate 
practise 
curriculum 
integration 
outcome 
measurement 
simulation 
fidelity 
skill acquisition and 
maintenance 
mastery 
learning 
transfer to 
practice 
team training high-stakes 
testing 
instructor 
training 
educational and 
professional context 
 
The authors concluded that simulation-based medical education is maturing, but more specific 
thematic analysis of the research is required. This study was followed up by a revisit of the review in 
2016 (McGaghie et al., 2016) looking at high impact work from 2010 to 2015. The authors identified 
that:  
(i) today’s academic medical community educates twenty-first century physicians using 
nineteenth century thinking;  
(ii) the medical education community needs to understand how technology contributes to 
educational effectiveness;  
(iii) difficult to define a definitive account of simulation-based education as the topic is a 
moving target;  
(iv) simulation is the highest-rated area of importance for medical education research;  
(v) simulation technology is a key contributor to quality health professions education;  
(vi) integration of simulation into existing curricula is challenging;  
(vii) simulation with mastery learning can produce powerful educational interventions that 
yield immediate and lasting results;  
(viii) cost-effective and efficient simulation is a challenge when educating and evaluating 
individuals.  
Cook et al. (2010a) analysed fifty studies on the use of virtual patients across different health and 
clinical education professions. They concluded that virtual patients (patients coded and rendered 
using 3D modelling and animations) are associated with improved learning outcomes compared with 
no intervention for medical, dental, nursing and other health-related professions. The authors 
indicated that there is no evidence that virtual patient simulation is superior to that of other training 
methods. However, it does assist with logistic barriers such as cost, distance learning and self-
direction. There is also evidence to support other beneficial impacts of using virtual reality for 
simulations in fields such as nursing, where it has helped to increase patient acuity, manage the high 
student-to-faculty ratios in some courses, while also minimising the risks to patients from untrained 
students (Jenson and Forsyth, 2012). 
 
The quality and effectiveness of virtual patients or virtual worlds can vary in terms of their coding, 
design and implementation, which can lead to different learning outcomes. However, this impact can 
be minimised in fields such as nursing, by using a multidisciplinary approach when developing these 
resources (Kilmon et al., 2010). It is difficult to answer questions regarding design bias through meta-
analytic studies and more work is required in direct qualitative comparisons of virtual patient design 
and user experience to better understand the effective use of virtual patients for training.  
 
 
Serious Games 
The development of computer technology and the accessibility of the internet has given rise to the 
use of serious games in higher education (Figure 4). Serious games or “games primarily focused on 
education rather than entertainment” (Miller et al., 2011) are especially useful for simulated training, 
knowledge acquisition, skills development and responsive narrative to convey meaning. Girard et al. 
(2013) explored the rapid growth of serious games by analysing learning effect and engagement in 
serious games identifying that serious games might be powerful tools for learning, but more empirical 
studies were required to investigate the effectiveness in learning. 
 
Boyle et al. (2016) analysed 143 articles published between 2009 and 2014, identifying positive 
outcomes of games in education. The authors explored specific game outcomes concerning learning, 
knowledge acquisition, motivation, perception, behavioural change and motor learning outcomes. 
The evidence indicated that there was a positive outcome from playing games. Simulation games were 
the most popular, allowing real-world replication and skills training. The most popular game genre 
was role-playing, followed by adventure games, strategy, problem-solving and puzzle games. It was 
identified that defining characteristics of a game was difficult when not classified as simulation and 
that constructs such as flow, engagement and appeal should be used more when defining games 
research for education. Although the focus was on STEM subjects, health education was identified as 
the most popular for application of serious gaming and game-based learning.  
 
Ricciardi and De Paolis (2014) examined serious games developed specifically for health professions 
and health-related fields including surgery, odontology, nursing, cardiology, first aid, dietetics, 
psychology and more. They identified that serious gaming is a useful technology that improves 
learning and skills development but the number of case studies was limited with first aid having the 
highest number of developed serious games given the importance around continuous training which 
serious games can achieve at a low cost. The cost factor was reiterated by Knight et al. (2010) in a 
pragmatic control trial that explored the use of serious games in the teaching of major incident triage 
and compared it to with traditional training methods. Learners (n = 91) were randomly assigned into 
two training groups: a traditional major incident triage card-sorting group and a serious game 
simulation group. Traditionally, learners are taught triage using a combination of quick physiological 
assessment using a mobile four state priority ranking in small practical workshops where they either 
work with live actors or mannequins. The problem is that reconstructing these live triage events are 
costly and unrepeatable.  
 
Additionally, practical restrictions often limit the degree to which activities can reflect real-world. In 
this study, a serious game case study was developed called triage trainer that allowed learners to play 
through a major incident scenario, triaging digital casualties. The results of the game showed that 
more causalities where triaged without an error using the serious game over the traditional card sort 
activity with no impact on time on task. It was recommended that feedback be improved in the serious 
game and that more involvement of the end-users is integrated earlier in the development process 
but that serious games are useful within medical education. Petit dit Dariel et al. (2013) examined the 
potential for serious games within nursing education, especially concerning clinical reasoning skills, 
complex problem solving and pedagogical solutions to develop these within simulated safe 
environments.  
 
Wang et al. (2016), conducted a more recent systematic review of serious games in training health 
care professionals with 42 games included in the review. Specific points were made about the cost 
associated with simulated mannequin delivery in terms of human resources and simulator costs and 
the cheaper costs associated with serious games.  Gorbanev et al. (2018) provided a similar conclusion, 
stating that serious games have the potential to disrupt the industry, especially as it pertains not only 
to training costs but also to patient care. A serious games example of patient care can be seen in 
Robert et al. (2014) with serious games recommended as a treatment for Alzheimer’s disease and 
related ageing disorders. They have also been used widely in personal health care (McCallum, 2012) 
to prevent stress and manage pain and disease. What was noted by all articles was the complexity of 
building serious games, including the multidisciplinary teams required and the pilot nature of the 
studies. Additional concerns were raised by Gentry et al. (2019) noting that most serious games 
research has been conducted in high-income countries with the cost of serious gaming and devices 
being a barrier for use in low and middle-income countries which are the most affected by a worldwide 
shortage of trained health workers. It was also noted that serious gaming is an emerging field and 
more rigorous research is required to compare serious games with controls including longitudinal 
patient outcomes, participant behaviour, attitudes and adverse effects. 
 
  
Figure 4: A student revises using “The King’s Request: Anatomy and Physiology Revision Game”, a free 
game available online for learning within health professional education (Images: C.Moro). 
 
E-Learning (Web Delivery) 
Internet-based learning in health and medical education is rapidly growing. Being aware of the 
available technologies and how they are used to aid learning in a higher education setting is integral 
for understanding how the learner interacts with the study content (Moro and Kinash, 2012). Cook et 
al. (2010b) conducted a systematic review to describe in detail the variations in configuration, 
instructional methods and presentation elements in internet-based courses. Authors found that 89% 
of 266 studies included in this review used written text, and 55% used multimedia as a means to 
present educational content via web delivery. It was found that 24% of the studies used bot web-
based and non-computer-based instructions. Specifically, in web-based courses, most employed 
specific instructional methods like patient cases self-assessment questions and feedback as a means 
to enhance learning. Authors suggested that educators wishing to incorporate web-based learning in 
the curriculum should consider a broad range of available web-based learning configurations and 
methods before choosing a specific approach.  
 
Wong et al. (2010) conducted a qualitative systematic review of 249 research papers to produce a 
theory-based guide for developing and evaluating internet-based courses for clinical doctors and 
medical students. In this review, the authors sought to explain what type of internet-based education 
‘works’, produce a guideline for course developers and extended the methodological knowledge base 
in medical education research. The review of the research articles presented two main findings: 
internet-based courses must be engaging to the user and interactivity is highly regarded. Additionally, 
while course design is a crucial factor in internet-based courses, special attention must also be paid to 
course-context interaction. One group might perceive a particular course as highly useful in one 
context, whereas a different group would find the same course much less useful in a different context. 
The authors suggest that educators wishing to implement internet-based learning should address a 
set of questions to increase the chances of their courses of being perceived and useful and provide an 
effective learning platform. These findings are consistent with similar studies demonstrating the 
benefits of e-books in facilitating learning in anatomy (Stirling and Birt, 2014). 
 
George et al. (2014) identified sixty randomised controlled trials published between 2000 and 2013 
that focused on the learner’s knowledge, skills, satisfactory and attitudes towards e-learning in health 
education. The findings were based on the comparison between e-learning and traditional learning 
methods or between different modes of e-learning. The authors found that e-learning was found to 
be more effective than traditional learning in terms of knowledge and skills gained. Specifically, 29% 
of studies showed significantly higher knowledge acquisition, 40% showed significantly higher skill 
gain and 14% showed higher satisfaction with e-learning when compared to traditional learning. The 
evidence from this review suggests that e-learning is equivalent and sometimes even more effective 
than traditional learning in terms of knowledge and skills acquisition. Furthermore, e-learning 
provides a convenient and cost-effective alternative to conventional learning. Specifically, a 
systematic review conducted by Jayakumar et al. (2015) that evaluated the use of e-learning in surgical 
education demonstrated a variety of different learning material can be delivered through this 
medium, including case-based, theoretical knowledge and surgical skills teaching. Out of the thirty-
eight articles that were included in this review, most reported significant knowledge gain from e-
learning. However, two in three studies did not compare the knowledge gain to a control group. These 
studies can function as a proof of concept of using e-learning in surgical education. Nevertheless, 
future work in this area should focus on using appropriately designed studies. 
 
Maertens et al. (2016) conducted a systematic review of e-learning in surgical training, 87 randomised 
controlled trials were critically evaluated to establish the evidence supporting e-learning as a teaching 
tool compared with either no intervention or alternative teaching methods. This review showed that 
e-learning is a useful tool in aiding the development of different surgical skills. However, evidence 
supporting the superiority of e-learning to traditional methods is limited. Indeed, only two of the 
randomised controlled trials demonstrated transfer of skills to the clinical environment, however, 
there was no evidence that showed improvement in patient outcomes.  
 
Audience Response 
Audience response technology has been widely used among educators to enhance student classroom 
involvement and active engagement. It usually consists of devices controlled by the learner (for 
example ‘clickers’) which allows them to actively participate in the class by selecting responses to 
questions that are displayed of programs such as Microsoft PowerPoint and gaining instant feedback 
of the audience responses (for example, in a bar graph). Audience response can also be set up to allow 
students to provide questions as well as answers (Moro and Hensen, 2017). An in-depth meta-analysis 
of fifty-three research articles (overall sample of 26,095 students) on the effects of audience response 
systems on cognition was conducted by Hunsu et al. (2016). The authors determined that clicker-
based technology only produced a small but significant effect on different cognitive learning outcomes 
and a near-medium impact on non-cognitive learning outcomes. Furthermore, these effects were 
deemed as non-existent for course material recall or retention. The authors suggested that instructors 
should design questions that require critical thinking, knowledge application and synthesis in order to 
meet higher order learning goals. However, these results should be interpreted with caution as 90% 
studies included in the analysis did not randomly assign participants into experimental and control 
groups as the studies were conducted on students in an already formed cohort. In addition, only 20% 
of the studies used measures of pre-test and post-test to establish the differences between 
participants at baseline. Indeed, a more substantial effect of using clicker-based technology was 
observed in studies where students were randomly assigned to experimental and control groups. 
 
A systematic review and meta-analysis of twenty-one studies on the learning outcomes in health 
professional’s education determined that 14 of the studies reported significant differences in 
knowledge scores in favour of the audience-response group. A meta-analysis of randomised-
controlled trials revealed that there were no statistical differences in the knowledge scores between 
audience response and control groups, whereas non-randomised studies showed a significant 
difference (Nelson et al., 2012). Authors suggested that non-randomised studies over-estimated the 
impact of the audience response technology due to methodological limitations of their study design. 
Overall, the results obtained in this analysis were equivocal and more research with appropriate study 
design is required to draw definite conclusions. A follow-up systematic review conducted by Atlantis 
and Cheema (2015) three years after the publication of Nelson et al. (2012) review failed to support 
the hypothesis that audience response technologies have a significant effect on learning outcomes in 
health sciences and medical students and reiterated the need for more high-quality research in the 
area.   
 
One primary benefit of audience response is that it allows students to respond in real-time. In health 
education courses, the students are often presented with the theoretical content in the first few years, 
before experiencing the practical aspects (i.e. in the field or hospital environment). This means that 
after performing well in early years, students may still feel unprepared for practice by the time they 
are due to enter the practical years (Moro et al., 2019). Through allowing the students to be put on-
the-spot, where they are able to answer questions or interact in real time, this may assist in their 
confidence to discuss learned content infront of a client, or patient, out in the field, clinical or practical 
environment. 
 
Conclusion 
Technology use in health professional education is an exciting area of research. Educators face 
challenging decisions, such as which technology to incorporate in their teaching practices and which 
technology would work best for their students. It is apparent that further scholarship, research and 
investigation in this area is essential, with the need for greater diligence in research methodology 
within studies. These developments in the education landscape do show a great promise for the 
future, and potential enhancements in learning outcomes for health profession students. Two major 
hurdles exist for educators wishing to adopt more technology in their curricula. The first is the 
requirement for skill training in technology, and the second is the often difficulty in finding evidence-
based approaches and research specific to their areas. This chapter has outlined a variety of research 
surrounding the benefits, use cases and limitations of technologies used in an attempt to enhance 
learning within health profession and clinical education. Although not all approaches are available to 
all programs, due to limited funds, access to technology or skilled staff, modern technology has 
introduced increasing options for educators wishing to enhance or alter their curriculum in a way that 
can improve student interactivity, engagement and learning. 
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